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  and	
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Auspices	
  
	
  This	
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  of	
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  Department	
  of	
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  Na?onal	
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  of	
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  by	
  an	
  agency	
  of	
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  United	
  
States	
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  product,	
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  process	
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  that	
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  would	
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  owned	
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We Have an Interdisciplinary Team 

• Simon Labov (LLNL/GHS) Principal Investigator!
• Tom Edmunds (LLNL/NSED): Systems Engineering!
• Yiming Yao (LLNL/NSED): Simulations!
• Larry Hiller (LLNL, Physics): Simulations, Algorithms, systems!
• Maya Gokhale (LLNL/ CS): Networks!
• Gardar Johannesson (LLNL/NSED): Algorithms!
• Dale Sloan (LLNL): Physics!
• Richard Wheeler (LLNL): Physics!
• Karl E. Nelson (LLNL/NSED): Algorithms, physics!
• Grace Clark (LLNL/NSED: Estimation/Detection Algorithms!
!
• Garrett Jernigan (UCB): Algorithms!
• Adel Ganem (Zontrak Inc., San Ramon, CA): Networks!
• K. Mani Chandy (Caltech): Algorithms!
• Annie Liu (Caltech): Algorithms!
• Ryan McLean (Caltech): Algorithms!
• Matt Wu (Caltech): Algorithms!
!



5 LLNL-TR-564554, LLNL-IM-632972!
Grace A. Clark, Ph.D.!

Lawrence Livermore National Laboratory 

Agenda 

• Introduction!
!
• Algorithm R&D Plans!

!!
• Technical Approach!
!
• Current Results!
!
• Discussion and Plans!
!
!
!
!
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Algorithm	
  R&D	
  Plans	
  in	
  Priority	
  Order	
  
•	
  	
  Derive	
  and	
  Implement	
  the	
  Background	
  and	
  Source	
  SimulaAon	
  Algorithms	
  

•	
  	
  Document	
  the	
  	
  Background	
  and	
  Source	
  SimulaAon	
  Algorithms	
  

•	
  Derive	
  and	
  Document	
  the	
  Proposed	
  BackpropagaAon	
  Algorithm	
  

	
  

•	
  Implement	
  the	
  Proposed	
  BackpropagaAon	
  Algorithm	
  and	
  possibly	
  some	
  others	
  

	
  

•	
  R&D	
  for	
  a	
  new	
  full	
  inversion	
  algorithm	
  with	
  proximity	
  and	
  energy	
  constraints	
  

	
  -­‐	
  For	
  a	
  single	
  block	
  of	
  measurements	
  

	
  -­‐	
  For	
  mulAple	
  blocks	
  of	
  measurements	
  

	
  

•	
  Future	
  Work:	
  

	
  -­‐	
  Fold	
  in	
  a]enuaAon	
  away	
  from	
  the	
  source:	
  occlusions,	
  shielding,	
  etc.	
  

	
  -­‐	
  Fold	
  in	
  asymmetric	
  sources:	
  occlusion	
  near	
  the	
  source	
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Grace	
  A.	
  Clark	
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Problem	
  DefiniAon	
  
Given:	
  

	
  	
  	
  	
  •	
  A	
  Simple	
  two-­‐dimensional	
  (planar)	
  radia?on	
  field	
  (no	
  buildings,	
  etc.)	
  

	
  	
  	
  	
  	
  	
  	
  	
  	
  -­‐	
  A	
  grid	
  of	
  radia?on	
  samples	
  

	
  

	
  	
  	
  	
  •	
  A	
  single	
  constant	
  radia?on	
  point	
  source	
  

	
  	
  	
  	
  •	
  A	
  single	
  mobile	
  radia?on	
  sensor	
  traveling	
  along	
  a	
  planar	
  trajectory	
  one	
  meter	
  

	
  above	
  the	
  plane	
  measuring	
  counts	
  per	
  second	
  at	
  each	
  grid	
  point	
  

	
  	
  	
  	
  •	
  Measurements	
  of	
  the	
  sensor	
  posi?on	
  (GPS)	
  along	
  the	
  trajectory	
  

	
  

Goals:	
  

	
  	
  	
  	
  •	
  Es?mate	
  the	
  radia?on	
  (counts/sec)	
  at	
  each	
  point	
  on	
  the	
  2D	
  grid	
  based	
  only	
  

	
  upon	
  the	
  sensor	
  measurements	
  acquired	
  along	
  the	
  sensor	
  trajectory.	
  

	
  	
  	
  	
  •	
  Detect	
  the	
  source,	
  es?mate	
  its	
  loca?on	
  and	
  es?mate	
  its	
  radia?on	
  strength.	
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Simulations Algorithms Derivation p.1 
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Simulations Algorithms Derivation p.2 
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Simulations Algorithms Derivation p.3 
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Simulations Algorithms Derivation p.4 
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Simulations Algorithms Derivation p.5 
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Simulations Algorithms Derivation p.6 
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Simulations Algorithms Derivation p.7 
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Simulations Algorithms Derivation p.8 
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Simulations Algorithms Derivation p.9 
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Simulations Algorithms Derivation p.10 
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SimulaAons	
  of	
  Background	
  RadiaAon,	
  Source	
  
RadiaAon	
  and	
  Sensor	
  Measurements	
  

Grace	
  A.	
  Clark	
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First Step in the Background Radiation Simulation: 
Construct a 2D Gaussian Distributed Array 
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Simulated Background Radiation Field: Gaussian Array 
Convolved with a “1/R2” 2D Filter Kernel: 
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Background Radiation Field + Injected Poisson Point 
Source Radiation 
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Background Radiation + Point Source Location + Sensor 
Trajectory 
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U = Mean of the Poisson BG Measurements and  
Uinj = Mean of the Source Measurements Along the Sensor Trajectory 



26 LLNL-TR-564554, LLNL-IM-632972!
Grace A. Clark, Ph.D.!

Lawrence Livermore National Laboratory 

Y = Poisson BG Measurements and  
Yinj = Poisson Source Measurements Along the Sensor Trajectory 
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Conclusions	
  and	
  Plans	
  
•	
  	
  Derive	
  and	
  Implement	
  the	
  Background	
  and	
  Source	
  SimulaAon	
  Algorithms	
  

•	
  	
  Document	
  the	
  	
  Background	
  and	
  Source	
  SimulaAon	
  Algorithms	
  

•	
  Derive	
  and	
  Document	
  the	
  Proposed	
  BackpropagaAon	
  Algorithm	
  

	
  

•	
  Implement	
  the	
  Proposed	
  BackpropagaAon	
  Algorithm	
  and	
  possibly	
  some	
  others	
  

	
  

•	
  R&D	
  for	
  a	
  new	
  full	
  inversion	
  algorithm	
  with	
  proximity	
  and	
  energy	
  constraints	
  

	
  -­‐	
  For	
  a	
  single	
  block	
  of	
  measurements	
  

	
  -­‐	
  For	
  mulAple	
  blocks	
  of	
  measurements	
  

	
  

•	
  Future	
  Work:	
  

	
  -­‐	
  Fold	
  in	
  a]enuaAon	
  away	
  from	
  the	
  source:	
  occlusions,	
  shielding,	
  etc.	
  

	
  -­‐	
  Fold	
  in	
  asymmetric	
  sources:	
  occlusion	
  near	
  the	
  source	
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Clark_DNDA_Results_2	
  
Preliminary	
  RadiaAon	
  Field	
  EsAmaAon	
  Results	
  	
  

Using	
  the	
  Back	
  PropagaAon	
  Algorithm	
  
June	
  5,	
  2009	
  

	
  “Distributed	
  Nuclear	
  Detector	
  Array	
  (DNDA)”	
  Project:	
  “Data	
  Fusion	
  for	
  High	
  SensiAvity	
  Tracking	
  Using	
  Distributed	
  Mobile	
  RadiaAon	
  
Detector	
  Arrays,”	
  PI:	
  Simon	
  Labov,	
  LLNL,	
  Sponsor:	
  Department	
  of	
  Homeland	
  Security	
  (DHS)	
  DomesAc	
  Nuclear	
  DetecAon	
  Office	
  

(DNDO)	
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Preliminary	
  Results	
  for	
  the	
  BackpropagaAon	
  
algorithm	
  with	
  Simulated	
  Data	
  
•	
  	
  This	
  is	
  the	
  first	
  radia?on	
  map	
  result	
  es?mated	
  using	
  the	
  Back	
  Propaga?on	
  algorithm	
  

•	
  	
  I	
  have	
  not	
  yet	
  had	
  ?me	
  to	
  validate	
  the	
  results	
  

•	
  The	
  program	
  was	
  cancelled	
  today,	
  so	
  I	
  am	
  documen?ng	
  the	
  results	
  I	
  have	
  to	
  date	
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Experiment	
  E2:	
  
BackpropagaAon	
  Algorithms	
  to	
  
EsAmate	
  the	
  RadiaAon	
  Field	
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E2_Src_BGC.pdf 
Map of Simulated Background and Source 
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E2_Ybkg_Traj_SrcC.pdf	
  
Background	
  Plus	
  Sensor	
  Trajectory	
  and	
  Source	
  

Source	
  Loca*on	
  

is	
  Denoted	
  by	
  	
  

the	
  Star	
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E2_Ybkg_HistoC.pdf 
Histogram of the Simulated Background 
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E2_Yinj_HistoC.pdf 
Histogram of the Simulated Injected Source 
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E2_U(k)C.pdf 
Mean of the Simulated Poisson Measurements 
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E2_Y(k)C.pdf 
Simulated Measurements Along the Trajectory 
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E2_Yinjected_w_SrcC.pdf 
Histogram of the Sensor Measurement (w / Source) 
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E2_A_B_SC.pdf	
  
A(m),	
  B(m)	
  and	
  S(m),	
  where	
  S	
  =	
  A./B	
  

S(m)	
  denotes	
  the	
  

Es?mated	
  Radia?on	
  

at	
  Grid	
  Posi?on	
  m	
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E2_BP_MapC.pdf	
  
Es@mated	
  Radia@on	
  Map	
  Using	
  Back	
  
Propaga@on	
  

•	
  Red	
  =	
  High	
  

•	
  Blue	
  =	
  Low	
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E2_SS_HistoC.pdf 
Histogram of the Estimated Radiation Map 
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Conclusions	
  and	
  Plans	
  
•	
  	
  Derive	
  and	
  Implement	
  the	
  Background	
  and	
  Source	
  SimulaAon	
  Algorithms	
  

•	
  	
  Document	
  the	
  	
  Background	
  and	
  Source	
  SimulaAon	
  Algorithms	
  

•	
  Derive	
  and	
  Document	
  the	
  Proposed	
  BackpropagaAon	
  Algorithm	
  

	
  

•	
  Implement	
  the	
  Proposed	
  BackpropagaAon	
  Algorithm	
  and	
  possibly	
  some	
  others	
  

	
  

•	
  R&D	
  for	
  a	
  new	
  full	
  inversion	
  algorithm	
  with	
  proximity	
  and	
  energy	
  constraints	
  

	
  -­‐	
  For	
  a	
  single	
  block	
  of	
  measurements	
  

	
  -­‐	
  For	
  mulAple	
  blocks	
  of	
  measurements	
  

	
  

•	
  Future	
  Work:	
  

	
  -­‐	
  Fold	
  in	
  a]enuaAon	
  away	
  from	
  the	
  source:	
  occlusions,	
  shielding,	
  etc.	
  

	
  -­‐	
  Fold	
  in	
  asymmetric	
  sources:	
  occlusion	
  near	
  the	
  source	
  


